Improved practice in the management of hypertension depends on an understanding of existing patterns of treatment. To describe the management of newly diagnosed hypertension in British general practice and the effectiveness of current prescribing patterns we conducted a retrospective observational study using data from a computerized general practitioner record database (DIN-LINK). 21 024 patients were first treated for newly diagnosed hypertension between January 1993 and December 1997, and were followed for 4 years. Diuretics or beta-blockers were the most widely prescribed first-line treatments, used in 54% of patients. The mean continuation rate for first-line therapy was 69% at 12 months: the continuation rate was highest for angiotensin converting enzyme inhibitors/angiotensin II receptor antagonists. After 12 months of treatment the mean blood pressure reduction was 19/10 mmHg. Blood pressure targets were met in only 14% of patients. After 48 months of treatment 34% of patients had not improved in band of blood pressure severity. Many patients with severe hypertension at 12 months were still being prescribed only one drug.
INTRODUCTION
The British Hypertension Society (BHS) and others have published guidelines for blood pressure targets and suitable choices for monotherapy, combination therapy and switches of therapy. [1] [2] [3] [4] Despite this, community surveys continue to record many patients with inadequate control or treatment. 2, [5] [6] [7] Observational studies have provided evidence on which drugs are used initially to treat hypertension 8 but few have analysed the patient characteristics that influence the choice of first-line therapy. Adherence to recommendations in the long term is unclear and studies from other countries show poor compliance with such guidelines. 9, 10 Rates of change or discontinuation of antihypertensive therapy are high, 11, 12 and may suggest that poor control is due to poor adherence to prescribed medication. Furthermore, there is a paucity of information on long-term treatment patterns, including the discontinuations, additions and switches made to first-line therapy and the subsequent effects on blood pressure.
The aims of this study were to identify patterns of short and long term antihypertensive prescribing in the UK, to describe determinants of the choice of antihypertensive therapy, and to investigate the effect of these choices on blood pressure control.
PARTICIPANTS AND METHODS

Data source
Data were obtained from a general practitioner patient record database, DIN-LINK, 13 which contains medical information from over 200 general practices and 900 000 patients in England and Wales. Data are collected longitudinally from routine patient records and compiled monthly. The DIN-LINK database is nationally representative and has been used in previous published studies. 14 Read codes in the patient record. Absence of a blood pressure reading at baseline did not exclude patients provided there was a new hypertension Read code and first use of antihypertensive treatment.
To ensure a new diagnosis, patients were excluded if before the reference episode they had had any diagnosis of hypertension or had used any antihypertensive drug (even if for another indication, such as a beta-blocker for angina) before the reference episode. For this reason, we did not include patients for whom medical data went back less than 6 months. Patients who had less than 48 months' follow-up data available by December 2001 were also excluded.
Design
This was a retrospective observational study. Data were recorded at baseline (before antihypertensive therapy) and monthly thereafter for 48 months. Recorded data included demographic details, blood pressure, comorbidities, and antihypertensive prescribing. A descriptive analysis characterized the population studied and subgroups according to blood pressure and first-line therapy. The continuation rates and changes to therapy were identified. Comparison between the mean baseline blood pressure and subsequent blood pressure readings allowed assessment of the effect of particular therapeutic strategies on blood pressure. Patients were only included in this analysis if they had a blood pressure measurement at baseline and at the reference time point.
Drugs were grouped in five major classes of antihypertensive monotherapy 15 -diuretics, beta-blockers, angiotensin converting enzyme (ACE) inhibitors and angiotensin II receptor antagonists (AIIRAs), calcium channel blockers (CCBs), or others. Combination therapy was analysed separately. Monotherapy was defined as a prescription for one agent, or two within the same drug class (to cover the widely used diuretic combination formulation co-amilozide). Combination therapy was defined as a prescription for more than one agent from two classes, including two agents in one formulation.
A drug was considered discontinued when it had not been prescribed for 120 days. Switching of drug was defined as the prescription of a new drug preceding or coinciding with the discontinuation of another in the previous month. 12, 16 Adding of a new drug was defined as prescription of a new drug coinciding with the continuing prescription of another.
Statistics
Only descriptive statistics are reported (means with 95% confidence intervals). Further analysis was inappropriate.
RESULTS
21 024 eligible patient records were identified ( Table 1) .
Choice of first-line antihypertensive therapy and influencing factors
Diuretic and beta-blocker monotherapy accounted for almost 55% of first-line treatment ( Table 2 ). This varied by age and gender; older patients tended to be prescribed diuretics, and younger patients beta-blockers or ACE inhibitors/AIIRAs; women were more likely to be prescribed a diuretic than men (data not shown).
Initial blood pressure and choice of initial treatment were related in some instances; for example, beta-blocker monotherapy was more likely to be prescribed to patients with mild hypertension than in those with moderate to severe hypertension and the converse was true for ACE inhibitors/AIIRAs (Table 3) .
While there were indications of selective prescribing (e.g. diabetic patients more likely to receive ACE inhibitors/AIIRAs, and patients with angina more likely to receive a beta-blocker or a CCB), the overall concordance with published guidelines for prescribing in patients with comorbidity was low. Only 41% of patients with diabetes were prescribed an ACE inhibitor/AIIRA, despite compelling indications, and only 25% of patients with a history of myocardial infarction were prescribed a beta-blocker. Furthermore, 9.6% of patients with asthma were prescribed a beta-blocker.
Continuation with first-line therapy
The continuation rates for first-line therapy declined most sharply over the first year (at which point average continuation rates reached 69%). The rate of average decline levelled between months 18 and 48 ( Figure 1 ). Whilst these patterns were similar for the different classes of drug, continuation rates for ACE inhibitors/AIIRAs were significantly greater than for other classes at 18 and 48 months (P50.01, chi-squared=64.80 at 12 months and 130.04 at 48 months, with one degree of freedom).
Alterations to initial prescription
Overall, 11 321 (66%) patients who started on monotherapy experienced some alteration to their original prescription in the first year. Of these, 3205 patients (19%) had a dose increase and 941 (6%) a dose decrease. In all 39% (n=1515) of switches and 35% (n=1013) of additions to first-line monotherapy were not in accordance with guidelines. 1, 2, 4 Intraclass switches were experienced by 13% (n=351) of patients who switched from first-line monotherapy, whereas 6% (n=187) of additions involved two drugs from the same class. 4139 mmHg, diastolic 489 mmHg), 2 with 42% (n=6140) still having moderate to severely raised blood pressure (Table 4 ). Overall, 40% (n=5872) of patients did not improve in band of blood pressure severity after 12 months of treatment. After 48 months of treatment 34% (n=4992) of patients did not improve in band of blood pressure severity (data not shown).
There was no relation between initial drug choice and blood pressure at 12 months or 48 months. Patients whose blood pressure was initially severe were likely to receive more medications (data not shown). Severity of blood pressure was only weakly related to the number of agents prescribed at month 12 (Table 5 ) or 48 (data not shown). Of those patients with moderate/severe hypertension at 12 months, 66% (n=3345) were still receiving a single agent with a further 28% (n=1435) being prescribed two antihypertensive agents ( Table 5 ).
The average blood pressure reduction achieved by switching or adding drugs within the same class was 2/1 mmHg-less than the average blood pressure reduction for the main cross-class switches (4/2 mmHg) or additions (5/3 mmHg). Blood pressure control was no better in patients with comorbidities (data not shown).
DISCUSSION
The patterns of prescribing of first-line drugs are similar to those previously reported in the UK. 11, 17 Like the previous researchers, we found no clear patterns for subsequent prescribing for patients who do not respond to first-choice therapy or who have adverse effects. In particular, intraclass switches (13% of monotherapy switches) seem less rational, were found to be less effective and may delay adequate treatment. The first-line agent was influenced by comorbidity (e.g. diabetic patients more likely to receive ACEI/AIIRA, angina patients and patients after myocardial infarction more likely to receive beta-blockers) but there were some areas of less rational or even dangerous prescribing such as use of beta-blockers in patients with asthma.
We found patient continuation with first-choice therapy higher than in similar studies. 11, 12, 16, 18, 19 There were differences between drugs: some studies show the highest continuation rates for ACE inhibitors/AIIRA, 11, 19, 20 as here, but others find diuretics the best tolerated. 21 The three published trials that directly compared the major classes of drugs [22] [23] [24] found no difference in rates of adverse effects, intolerance or efficacy of control. Similarly the recent ALLHAT study found little difference between chlorthalidone, lisinopril and amlodipine. 25 However, it is effectiveness rather than efficacy that should interest the doctor and the patient. Effectiveness-the ability to lower blood pressure in common practice-depends in part on the efficacy of the drug in the controlled environment of the clinical trial but also on adherence to treatment, adverse effects, convenience and patient selection and monitoring. In our study, the similar effectiveness of the main classes of drugs and similar continuation rates are consistent with these trials.
Poor persistence with drug therapy has been considered a cause of poor control of blood pressure. 16 While adverse reactions are most commonly given by general practitioners as the reason for changing therapy, 17 lack of effectiveness has also been cited and may confound this interpretation. Changes in therapy were most likely to occur early, in this study. Subsequent therapy seemed relatively stable, more so than in other studies of newly diagnosed hypertensives. 20 More recent work 3,4 provides a scientific rationale for what may be appropriate changes or additions of therapy in patients who are unresponsive to first-line therapy or who have adverse effects on drugs. This work requires replication in larger more naturalistic trials, but we believe it to be a valuable approach (of which, in our experience, few generalist doctors are aware).
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Blood pressure control
The quality of blood pressure control was poor (only 14% met BHS targets after 12 months of treatment) and was similar to that reported in the general population in the USA, 26 although better results (up to 23% well controlled) have been seen in specific US populations with good access to healthcare. We used the 1993 BHS guidance 2 as our standard in assessing quality of control, this being current at the time of the data collection. Later BHS guidance sets more rigorous targets. 4 Most patients experienced some fall in blood pressure: the typical fall in diastolic blood pressure in this study was around 10 mmHg. Some of this effect may be due to simple regression to the mean, since it was proportionately greater in those with the highest blood pressures; this phenomenon is well recognized in studies of hypertension and is particularly likely to have occurred in this study since we depended on the general practitioner's diagnosis of hypertension, which was not made according to any fixed protocol but according to usual practices.
Few physicians were energetically pursuing published targets. In particular, 65% of patients with moderate to severe hypertension were receiving only one agent, despite the acknowledged benefits of adding a second drug. A further 28% were receiving only two agents despite the likely benefit of using three. Whether the general practitioners' targets in treating hypertension are in fact a particular level of blood pressure or a particular level of blood pressure reduction is unclear, and merits further study.
Our study showed clear selection of drugs based on comorbidity, age and sex. However, it is not obvious that level of blood pressure or risk reduction was considered in the same way. In particular, diabetic patients were not treated more aggressively, as BHS guidelines suggest they should be, and they received ACE inhibitors or AIIRAs less often than would be expected. The greatest reduction of blood pressure is seen in the most severely affected patients: these patients had the greatest numbers of drugs prescribed simultaneously and, even with allowance for regression to the mean, some of this apparent reduction is likely to be due to more aggressive therapy.
The period covered by this study is similar to that represented by the two reports of the Health Survey for England. 6, 27 The more recent report described similar patterns of initial prescribing and suggested levels of control of blood pressure of only 9% compared with the 14% here. The differences may lie in the systematic measurement of blood pressure in the survey, compared with the unvalidated recordings accepted in our study. Either result reflects inadequate management.
Limitations
The current work is observational and there may be unrecorded confounders for choice of drug and for quality of control. We used only newly diagnosed patients, in contrast to Jones et al. 11 who asked a different question around drug persistence. The blood pressures and comorbidities were as recorded by the general practitioners: there was no defined protocol for measuring blood pressure, and the prevalence of diabetes in this hypertensive population seems low. Other limitations are our inability to validate diagnosis of hypertension or of comorbidities, individual blood pressure recordings, or even that the patient ever took the prescribed drug. These drawbacks are unavoidable in studies which use routinely collected data from medical records rather than a prospective design. However, the data presented here are exactly the information on which physicians are basing their treatment decisions.
Our categorization of drugs may hide differences in tolerability between individual drugs within a class: this is particularly true for calcium channel blockers where there is diversity in the adverse effects of the individual dihydropyridines. Our analysis also hides differences in response arising from changes in dosing. Further analyses of the current data are clearly possible.
CONCLUSION
Despite these limitations, this is the largest study of clinical practice in hypertension in the UK. It shows that guidelines are followed in some aspects but not others. Large numbers of patients are poorly controlled on one or two drugs only, and there is clearly room for improvement by more aggressive use of multiple drug therapy. 27 There also seemed to be no clear plan in changes in therapy. The use of dangerous or contraindicated drugs is also a cause for concern.
The key question remains how we can improve blood pressure control in the community. A better understanding of general practitioners' prescribing habits and their outcomes could assist in targeting education and their other interventions to improve the management of hypertension. Here we examined only patients diagnosed by the end of 1997, so that we could report long-term follow-up. Our later data on treatment of new patients from 1998-2001 from the same source (unpublished) suggest little change in quality of control. In the past 2-3 years, however, there has been a substantial rise in the prescribing of antihypertensive medicines in the UK, 28 perhaps as a result of the increased focus on the prevention of coronary and cerebrovascular disease in National Service Frameworks. 29 It is not clear yet that this translates into better control. Hypertension remains a key area for clinical governance by primary care trusts. Routinely collected computerized data of the type used in this study will prove useful in achieving this through local audits.
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